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(g) Improvements relating to control circuits, especially for servo systems. 



@ The invention provides a control circuit which is suit- 
able for multi-channel application in low to medium fre- 
quency response range. The circuit includes a signalling 
system which employs multiplexing and imped ance matc h- 
ing to allow both the electrical power for the servo drives 
and the control information to be passed down a minimum 
o f two electrical w ires. The circuit uses b dr" 8 crranners - 
depending upon whether 2 of the channels are used for 
servo position drift annulling. 
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Improvements Relating to Control Circuits, especially 
for Servo Systems. 

This invention relates to control circuits, especially 
05 but not exclusively control circuits for servo systems, 
and further especially but not exclusively for servo 
systems comprising servo motors arranged for the 
automatic positioning of a cutting apparatus of the 
type which is for use under ground in underground * 
10 pipelines and passageways, and the operation of which 
is controlled from a remote location, for example in a 
control vehicle located above ground. 

Because the invention was designed and made for use in 
15 connection with a cutting apparatus as above described, 
reference will be made hereinafter mainly to a control 
circuit for the servo controlling of such a cutting 
apparatus, but it is to be mentioned that the control 
circuit can be used in a wide range of applications 
20 especially those involving mult i -channel remote servo 
control . 

The cutting apparatus for which the invention was made 
comprises a cutting apparatus for positioning inside an 

25 underground pipeline or passageway and comprises an 
elongated body at the end of which is a cutting bit. 
The cutting bit has the function of cutting holes in 
lining material in the pipeline in order to re- 
establish connection between the pipeline and 

30 intersecting pipelines, which intersections have 
previously been covered by the operation of lining the 
pipeline or passageway with a tubular liner. There are 
known a number of processes for the lining of a 
pipeline or passageway and all of which require the 

35 cutting of the lining at said intersections. 



The cutter bit must be able to move in as universal a 
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fashion as possible in order to follow the line of the 
intersection, and also to penetrate through the lining, 
and furthermore to enable the cutter bit to cut the 
lining at any of a plurality of intersections which may 

05 be angularly offset with respect to each other. The 
cutter bit therefore has to have a number of degrees of 
movement to achieve this universal freedom and in such 
cutting apparatus a servo motor may be used for each 
degree of movement. There may be four or more such 

10 servo motors for the positioning of the cutter bit and 
if the servo motors are reliably to position the cutter 
bit in accordance with controls from a remote location, 
then each servo motor must be controlled in accordance 
with information from the remote location. The present 

15 invention provides means for effecting this control in 
an accurate and yet simplified fashion. 

Each servo motor or other device controlled by the 
circuit is referred to herein as a channel and 
20 therefore the control circuit may be considered as 
addressing a mult i -channel positioning device. 

In the preferred arrangement wherein a cutting 
apparatus of a multi-servo channel arrangement is 
25 controlled, it is preferred that a master unit at the 
control location be provided, the master unit providing 
position signals for addressing the respective 
channels. The master unit may for example comprise a 
movable member moved automatically or by hand along a 
30 path corresponding to the liner cut which is to be made 
inside the passageway by the cutting apparatus and as 
the control member is moved, and a series of position 
signals are generated which respectively are addressed 
to the servo motors of the cutting apparatus so the 
35 cutter bit will accurately follow the correct path 
effecting the accurate cutting of the lining tube. 
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With such an arrangement, it would normally be required 
that a plurality of address wires would be required for 
the respective channels, but this will in fact mean 
that large expense would be required to provide these 
connecting wires where the control input is located 
remotely i.e. of the order of hundreds of metres, from 
the cutting apparatus, and the present invention 
provides a control device whereby the control signals 
may be passed to the cutting apparatus along a minimum 
of connecting wires or lines. Indeed, the connecting 
lines or wires although electrical in nature in the 
preferred example, could be in the form of an 
alternative data link which is optical, fibre-optical, 
pneumatic, sonic, ultrasonic, or. radial in nature, and 
this should be borne in mind even although the data 
link is referred to hereinafter generally as supply 
lines in general, and electrical lines in the specific. 

According to the present invention there is provided a 
control circuit, for example for a multi -channel servo 
system, comprising: 

a) input means providing a plurality of pulse width 
modulated (PWM) input signals; 

b) input conversion means converting the leading and 
trailing edges of the PWM signals into voltage 
glitches; 

c) power supply lines along which the voltage glitches 
are passed; 

d) output means receiving said glitches; and 

e) output conversion means converting said glitches 
into PWM output signals, which signals can be used to 
drive for example respective motors of a servo system. 

Preferably, the supply lines comprise three lines 
carrying a positive voltage, zero voltage and a 
negative voltage, said glitches being supplied on the 
positive or negative lines and being voltage spikes 



lowering the positive voltage or raising the negative 
voltage. 

Preferably also the input means comprises respective 
potentiometers providing input analogue signals 
corresponding to the potentiometer positions, an input 
multiplexer for providing said input analogue signals 
cyclically at the output of said multiplexer, which 
output is connected to said input conversion means. 

According to another preferred feature, the output 
means comprises a de-multiplexer connected to the 
output of, the output conversion means recreating input 
PWM signals which may be applied for example to servo 
motors, and in yet a further preferred feature servo 
motors are provided and are adapted to be driven by 
said recreated input signals, the circuit including 
output or position potentiometers connected to said 
servo motors providing analogue feedback signals and 
comparitor means comparing the recreated signals with 
the feedback signals to provide error signals which are 
used accurately to position the servo motors. 

An embodiment of the present invention will now be 
described, by way of example, with reference to the 
accompanying diagrammatic drawings, wherein:- 

Fig. 1 is a perspective view illustrating cutting 
apparatus and master control apparatus which are 
coupled by a control circuit according to the 
embodiment of the invention; 

Fig. 2 illustrates cutting apparatus of Fig. 1 and 
several degrees of possible movement thereof; 

Fig. 3 is a plan view of the cutter apparatus of Fig. 1 
illustrating a further degree of movement thereof; 
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Fig. 4 is an end view of the cutter apparatus of Fig. 1 
showing yet a further degree of movement of the cutter 
apparatus ; 

Fig. 5 is a circuit diagram illustrating the master 
unit input potentiometers and the cutter apparatus 
feedback potentiometers; 

Fig. 6 is a general circuit diagram of the control 
circuit according to the embodiment of the invention; 

Fig. 7 is a diagram showing the nature of the wave form 
of the signals supplied between the transmitter and 
receiver of the circuit of Fig. 6; 

Fig. 8 is circuit diagram of the transmitter of Fig. 6; 

Fig. 8A is a detail of the transmitter circuit shown in 
Fig. 8; 

Fig. 9 shows the pul3e width modulating wave form of 
the transmitted signal; 

Fig. 10 is a circuit diagram of the receiver of the 
control circuit; 

Fig. 11 illustrates how the supply lines are used to 
derive a number of voltage levels; 

Fig. 12 is a circuit showing how the positive voltage 
level is rectified; 

Fig. 13 is a circuit diagram showing how twenty five 
volt level and a fifteen volt level are established; 

Fig. 14 shows how the minus twenty five volt and minus 
fifteen volt levels are established; 
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Fig. 15 illustrates pulse width modulated demand and 
feedback signals and the resulting error pulse signals; 

Fig. 16 illustrates error signals of one channel and 
the resulting stretched error pulse signals for that 
channel. 

Referring to the drawings, and firstly to Figs. 1 to 4, 
an underground passageway 10 is shown as being lined 
with a rigid lining tube 12. A lateral passageway 14 
meets the passageway 10 as shown, and the lining tube 
12 extends over the opening of the lateral passageway 
14 into the main passageway 10. Inside the rigid lining 
tube 12 is a cutter apparatus 16 having a cutter bit 18 
adapted to be rotated at high speed by an electric or 
other motor 20 in the cutting head % A cutter bit 18 is 
shown as having been moved along a path defined by the 
slot 22 in the action of cutting a portion of the 
lining tube 12 away from the remainder of the lining 
tube in order to re-establish the connection between 
the lateral passageway 14 and the main passageway 10. 
To enable the cutter bit 18 to so move along the path 
or slot 22 and to continue its movement, the cutter 
head 20 must have a number of degrees of movement and 
to this end the cutting apparatus comprises a boom body 
24 connected to an anchoring body 26 by means of a 
universal Joint at the location indicated by reference 
28. The universal joint has two axes of pivoting 
arranged at right angles to each other and the axis of 
30 passageway 10 so that the boom portion 24 can swing in 
any direction. The anchoring portion 26 is provided 
with skids 30 which maintain the cutting apparatus in 
rigidily fixed position inside the main passageway 10 
during cutting operation. The cutting head 20 is also 
35 adapted-to be moved axially of the boom portion 24, and 
finally the cutting head assembly 20 is adapted to be 
rotated about the axis of the boom assembly 24. The 
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cutting head 20 therefore has at least 4 degrees of 
movement defined by the two pivot axes of the universal 
Joint 28, the linear movement of the cutting head 20 
relative to the boom 24, and the rotational movement of 
the cutting head 20 about the axis of the boom 24. 

These degrees of movement are effected by means of 
several motors not shown in Fig. 1 and the position of 
the cutting head in these respective degrees of 
movement relative to a fixed datum are monitored by 
means of four potentiometers 32, 34, 36 and 38 as shown 
in Fig. 5 whose pointers provide feedback signals 
indicative of the actual position of the cutting head 
in relation to datums of these respective degrees of 
movement. 

Fig. 2 illustrates the cutting apparatus of Fig. 1 when 
viewed in a direction along one of the axis of the 
universal joint 28. The said axis is indicated by 
reference numeral 40, and it can be seen from the 
dotted line Indications that the boom portion 24 swings 
about the axis 40 and in so swinging about the axis 
drives a transmission belt or the like 42 which alters 
the position of the pointer of the potentiometer 32. 
Also shown in Fig. 2 in dotted lines is the capability 
of the linear movement of the cutting head 20 and its 
relationship with potentiometer 36. 

V 

Fig. 3 is a view of the cutter at right angles to the 
position shown in Fig. 2, in order to indicate the 
other axis 44 of the universal joint, and also to 
indicate the capability of boom portion 24 to swing 
about the axis 44. Again a drive belt 46 is used to 
drive potentiometer 34. 

Fig. 4 is an end view of the cutting apparatus shown in 
Fig. 1, and viewed on the end carrying the cutting head 
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20. The arrow 48 indicates how the cutting head 20 can 
be rotated and the movement of the cutting head in this 
fashion is monitored by the potentiometer 38. 

It can be seen therefore that the positions of the 
pointers of the potentiometers 32 to 38 keep a constant 
monitor upon the position of the cutting head 20 and 
hence the cutting bit 18 in relation to respective data 
positions. 

The movement of the cutter boom 24 is controlled by a 
master unit 50 located remotely of the cutter unit e.g. 
above the ground level 52, the cutter 16 being located 
in an underground passageway. 

The master unit 50 comprises in this instance a 
manually operable stylus 54 which is caused to travel 
around a template aperture 56 corresponding to the 
aperture to be cut along the slot line 22. The stylus 
54 has the same degrees of movement as the boom 24 and 
to this end the master unit 50 comprises a master boom 
portion 58 and an anchoring portion 60, which may be 
bolted to a framework or the like, and the master boom 
portion 58 is connected to the anchoring portion 60 by 
means of a universal joint 62 which is similar in 
nature to a universal joint 28, and again the master 
unit 28 is associated with four potentiometers 66, 68, 
70 and 72. Movement of the stylus 54 around the 
template aperture 56 effects changes in the position of 
the pointers of the potentiometers 66 to 72 and the 
voltages supplied by the pointers 66 to 72 are used in 
accordanc with the embodiments of the invention, for 
the driving of the servo motors in the cutter unit 16 
so that the movement of the cutting bit 18 will be a 
faithful reproduction of the movement of the stylus 54. 
Appropriate signals between the master unit 50 and the 
cutter unit 16 are transmitted via a connecting cable 
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means 74 which, because of the construction of the 
control circuit may be of long length without iraparing 
the efficiency of the transmission signals. 

The arrangement described in relation to Fig. 1 can 
therefore be considered to involve a transmitter 
associated with the master unit 50, and a receiver 
associated with the cutter or slave unit 16. 

Although in the arrangement described in relation to 
Figs. 1 to 5, 4 degrees of freedom of the cutter head 
20 have been described, and the apparatus may therefore 
be considered to be a four channel servo system, in 
fact the number of channels can be varied and the 
control circuit which is now to be described is 
described in relation to a circuit having eight 
channels . 

The control circuit which is used for the arrangement 
of Fig. 1 is particularly suitable for multi-channel 
servo applications in the low to medium frequency 
response range. A particular feature of the circuit is 
the use of a signal system which employs multiplexing # 

and impedance mat ch i n g techniques to a llow both the 

electrical power f or the se rvo _d r.iy e.s a n d j: h e_ e o n.tro 1 
information to be passed down a minimum of two electric 
wires embodied~fn^*al)le'74. This makes the circuit well 
auited'to the specific application described where 
there is of necessity a large separation between the 
master unit 50 and the cutting apparatus 16. In t he 
parti c u 1 a r circuit to be described, a three wire 
coupling cable 74 is used because of the form of drive 
electronics employed. 

In the circuit to be described, an eight channel servo 
system is described, six of the channels being for 
driving servo motors such as the motors effecting the 
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degrees of movement described herein and two other 
degrees of movement, and the other two channels being 
utilised for the purposes of servo position drift 
annulment. 

The circuit to be described is amenable to extensions 
of the number of channels, the frequency response and 
power of the servo drives. 

Referring now to Fig. 6, the control circuit comprises 
a transmitter 110 in which command signals resulting 
from the potentiometers such as potentiometers 66 to 72 
are sourced, and the transmitter 110 incorporates 
circuitry for imposing a m ultiplexed form of the 
command signals on the power supply lines 74 to the 
recei ver 112. 



The receiver 112 divides the multiplexed signals from 
the power supply lines 74 which continue as lines 114 
to servo amplifiers 116. The multiplexed signals are 
applied to a signal transformer 118 where they are 
converted into a pulse width modulated (PWM) stream and « 
after transformation into the PWM stream, the 
multiplexed signal is compared in comparitor 120 with 
that from the position potentiometers 32 to 38 that are 
geared to the servo motors. Any discrepancy between the 
analogue of each command signal pulse and those of each 
feedback signal is converted into an error pulse whose 
sign and period is a function of the error. The 
resulting pulse train representing errors from each of 
the channels is de-multiplexed in a de-multiplexer 122, 
and after undergoing a period multiplying process in 
unit 124 to compensate for the foreshortend and 
multiplexed form, each signal is sent to its respective 
drive motor amplifier 116. The servo drive motors are 
illustrated in Fig. 6 by reference 126. 
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It is to be noted that most of the pro cessing of the 

signals is undertaken_ while Jth..ey__are_i_n multiplexed 

form. This has a clear advantage of economy of 
h ard w are, and it also means that whatever the 
electronic drift characteristics of the common 
elements, a s imilar dri ft will a p p l.y _tp all _c ha n ji e 1 s 
thus by using spare channels to establish motion 
relate d~ d iatu m s , ' "t h e s e~d a~t u"ra s , whilst subject to drift 
in relation to their originally transmitted values, are 
referenced by similarly drifting motion control 
channels. It is therefore possible to arrange the servo 
control channels in a way that the drift is rejected. 
Specifically, electrical reference voltages 
corresponding to extremes of travel position datums are 
established by the adoption of two channels to 
determine the levels of voltage applied to the position 
feedback potentiometers 32 to 38. 

The command information from the potentiometers 66 to 
72 is compiled on to one power supply line j^^h e fo rm 
of short duration voltage spikes, called herein 
"glitches" as shown at 128 in Fig. 7, and whilst the 
voltage excursions of these glitches may be between 
various predetermined limits, in the preferred 
arrangement negative voltage glitches are imposed on a 
normally positive DC power supply and extend down to 
the potential of an associated negative DC supply line. 

The gl itches ar e part of a sequential data stream and 
occur in pairs within predetermined regular time 
frames, and each time frame will be part of a regular 
cyclic data sequence. 

A f 1 rst of e achj a i r of gli tc h e s of each time _f r a m e_ 
mar ks the start of_ that._t 1 me frame whilst the posi tion 
of the second glitch within the time frame is an 
analogue representation of the level of the command 
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signal is an analogue representation of the 

voltage reading of the poi nte r ~~oT_ the associated 
potentiometer 66 to 72. The time frame count (which is 
caused to increment on the occurrance of the first and 
alternate glitches) within the sequence establishes the 
channel number whose input is being serviced. 

The start or end of the sequence of time frames is 
identified by a unique event. In the present 
embodiment, the first eight t ime frames correspond to 
eight channel numbers. The data stream is thus composed 
of ei ght"reg"uiar ly spaced glitches (zero, two, four, 
etc. to fourteen) which mark the start of each time 
frame, and a further eight glitches (one, three, five, 
etc. to fifteen) which are variably spaced within their 
time frames, their positions determining the levels of 
the signals. The unique event may be ac hie ved by 
i m posing a glitch-free period (ty p i_c a 1 1 y_ equal t o _a t 
least one time frame and in the present embodiment 
equal to two time frames) at the end of the last 
(eighth) data-carrying time frame. Once this blank 
period is detected by the receiver, irrespective of the 
current incremental count, the data cycle is assumed to 
have ended and a subsequent glitch is taken to mark the 
start of the next data cycle. Thus, the multiplex 
signals are constantly being repeated. 

Fig. 7 shows the form of the data sequence of one data 
cycle which contains eight analogue channels of data 
that are serially. and repeatedly transmitted at 
approximately ten data cycles per second. 

Ten time frames a, b, c ... k, are illustrated, frames 
j and k constituting the glitch-free period. The start 
of each time frame is established by a glitch (0, 2, 4, 
and so on) and within each time frame is a second 
glitch (1, 3, 5, and so on) the glitches being 
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indicated by short vertical lines 128 extending 
downwardly from the voltage level indicated by 
reference 130. 

The command information although provided by a human . 
g u ided stylus wit h associated potentiometers may be 
synthesised conveniently using a computer or any other 
electronic device as may function from recorded media. 
Indeed the sty lus 54 may be a self -tra c_ki_n g devic e , _ and 
1 r IgJLQ g L . d ° f using the teinplate^p_erture 56, the stylus 
movement may be controlled with the aid of a three 
dimensional television image of the remotely stationed 
cutter 16. The cutter 16 as explained herein is 
arranged to mimick the movement of the master unit 50. 

The transmitter 110 will now be explained in more 
detail in relation to Figs. 8, 8A and 9, and it should 
be mentioned that the transmitter will be embodied in 
the master unit 50 and will transmit its signals as 
explained through the cable 74. 

As shown in Fig. 8 the transmitter is furnished with a 
number of voltage signals derived from the 
potentiometers 66, 68, 70 and 72 relative to the 
desired position of each axis of each degree of 
movement and also, for the purposes of drift annulment, 
the two voltage levels used energize the position 
po tentiometers . 

These voltage signals are multiplexe d in multiplexer 
132 in to a signal stream that in this embod i men t~ i s 
eight signals long as shown in Fig. 9, the whole of 
which is repeated at a 10 Hz data cycling rate. 

This analogue signal stream is converted in a 
converting circuit 134 in to a PWM signal stream as 
shown in Fig. 9 appearing at the output 136 of the unit 
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cutting apparatus 16. 

An oscillator 136 sets the incremenet rate for a 
counter 138 which addresses the multiplexer at 132 
causing it to scan the various input voltage signals 
from the position potentiometers 66 to 72. The 
multiplexer 132 presents these signals serially to the 
pulse width generator 134 which causes a proportion of 
the time frame associated to each channel (3-8 ms in 
this embodiment) to set logic low for an extent 
relating to the signal level, and the resulting output 
train of pulses at output 136 is as shown in Fig. 9. 

Thus, a start of each time frame is regularly marked by 
a negative going edge whilst the data level is related 
to the time frames logic low portion concluded by a 
positive going edge. A counter 1 38 forces the output 
high for a duration of two times beyond the last data 
carrying time frame before resetting to repeat a data 
cycle . 

Output 136 is connected to a mono stable circuit 140 
which outputs a desending glitch on a normally high 
output at every edge. This results in the production of 
a signal of the form shown in Fig. 7 being transmitted 
down one of the supply lines of cable 74. To achieve 
this, an emitter follower circuit 142 as shown in Fig. 
8A is used. The signal form of Fig. 7 appears on the 
output line 144 in Fig. 8A. 

The circuit of the receiver 112 is shown in Fig. 10, 
and it will be noticed in this figure that there are a 
number of voltage application locations supplying 
respectively + 50 volts, + 15 volts, + 10 volts, + 8.8 
volts, 0 volts - 8.8 volts, - 15 volts and - 50 volts. 
Fig. 11 shows how some of these voltages are derived 
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from the transmitter 110. The cable 74 is a three wire 
cable as shown in Fig. 11, the first wire 14 6 carrying 
a + 50 volts supply, the second wire 148 carrying a - 
50 volts supply, and the third wire 150 being at 0 
volts. At the receiver end, the wire 146 passes through 
a rectifier and filter unit 152 comprising a diode and 
capacitor circuit as shown in Fig. 12 to provide a + 50 
volts output on line 154. From the unit 152 a further 
supply of + 15 volts is obtained by taking the 50 volts 
output through a voltage dropper and regulator unit 156 
of the form shown in Fig. 12 which circuit also 
provides a coarse 25 volt supply suitable for 
regulation . 

From the - 50 volt line 148 a - 15 volt regulated 
supply is achieved by taking the - 50 volt supply 
through a voltage dropper and regulator unit 156 which 
is similar in construction and operation to the circuit 
shown in Fig. 12, and in fact the circuit of unit 156 
i s shown i n Fig. 13. 

A line 158 is taken from the + 50 volts line 146 to a 
voltage sensing unit 160 to provide the glitch signal 
on the output line 162 thereof. The output line 162 is 
shown in Fig. 10. 

Referring now in more detail to Fig. 10, the incoming 
glitch signal on line 162 is processed by the receiver 
circuit shown in Fig. 10 as follows. The resistors and 
diodes shown in Fig. 10 at the input of "the receiver to 
between + 15 volts and 0 volts with the input normally 
high at + 15 volts but taken down to 0 volts by the 
glitches. The glitches trigger the timer 164 and a four 
bit counter 166. The timer 164 is however refreshed by 
trigger intervals of less than 1 time frame (3.8 ms) 
which cause the timer output to remain high. The timer 
thus only resets itself within the unglitched double 
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frame of 20 ras (the timer period being set to 5.2 ms) 
that marks the end of each data cycle. Once reset, the 
next glitch sets the output high which causes a 
positive edge to be transmitted through C9 to the reset 
pin of the counter 166. Thus the counter 166 maintains 
a talley of the number of glitches in the data cycle 
from the second glitch onwards. 

The output Q0 of counter 166 is in fact a 
reconstruction of the PWM demand signal created in the 
transmitter while the outputs Q1 to Q3 are used to 
address a derauli tiplexer IC5 servicing the servo drives 
126 and a multiplexer IC6 collating the feedback 
signals from the position potentiometers 32 to 36. 

The main part of the receiver circuit is set to 
generate error pulses, and these error pulses are 
created in the following fashion. The Q0 output from 
the counter 166 (also referenced IC2A) and, according 
to the values of various error related perameters sets 
an analogue switch IC4 to output one of three states to 
the servo drives 126. These states in the example 
comprise the following; + 8.8 volts, open circuit, - 
8.8 volts. 

The switching is arranged so that in each time frame 
there will be created a pulse representing the error 
between the command signal as set by the input 
potentiometers 66 to 72, and the signal generated by 
the feedback potentiometers 32 to 38 indicating the 
actual servo motor position. The duration of each such 
pulse represents the magnitude of each control channel 
error whilst the sign indicates whether that error is 
positive or negative. 

Switch ICU is a dual four channel analogue switch whose 
input states AO and A1 determine the connections made 
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between the analogue inputs SOa t o S 3 a to the output Da 
according to the following truth table. 

A1 AO Switches connected to D 

0 0 SO 

0 1 SI 

10 S2 

11 S3 
Truth Table for IC4. 

(Note Group A and B are insulated from each other but 
both operate according to the same truth table). 

Also determined by the same logic are the connections 
made between the isolated B group of switches, SOb to 
S3b with Db. 

In the present arrangement, group A services an 
integrator IC3A and group B is used to synthesize the 
con trol error p ulse train with the + 8.8 volts", - open 
circuit and - 8.8 volt states. 

The integrator IC3A is set when SOa or S2a connect to 
Da when C10 may then discharge rapidly through R15. 
This occurs whenever the resetting unit IC2B is reset 
causing A1 of IC4 to go to logic 0. Following such a 
reset and taking the case when AO = 1, the truth table 
shows that S1a (and S3a via the link) is connected to 
Da. This implements the integrating function of IC3A 
whose output runs downward from a starting value of + 
7.5 volts. The output of IC3A continues downwards until 
it compares with the feedback signal voltage present at 
the non-inverting input of comparitor IC3B. Upon 
comparison, IC2B is reset i.e. A1 (IC4) = 0, causing 
the integrator to discharge. 
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Although the integrator may not be a perfect linear 
ramp generator, it operates over a restricted range of 
approximately +■ / - 7.5 volts within which its 
behaviour may be deemed linear for a satisfactory 
approximation . 

Fig. 14 illustrates typical examples of pulse trains 
which appear at A1 and AO. The pulse train at A1 is the 
re-generated PWM command signal, whilst the signal 
appearing at AO is the pulse width modulated feedback 
signal generated as described above. 

The resulting error signal on Db is the difference in 
pulse widths between the two signals appearing at A1 
and AO. 

Following a negative edge on OQ of IC2A, IC2B (in the 
absence of a reset) outputs QO = 1 causing AO (IC4) = 1 
whenever A1 moves low. The duration for which AO 
remains high is established by the integrator IC3 and 
the potentiometer signal level set at the comparitor by 
the appropriate feedback potentiometer 32 to 38. Once 
the potentiometer ex c eeds the l"3t a n taneous^l nte g rator 
ramp voltage, IC2B is reset by_ the cjDmpar i tor^IC3B 
w h'ich T*n whenev er A 1 moves low. The durati 
remains high is established by the integrator IC3 and 
the potentiometer signal level set at the comparitor by 
the appropriate feedback potentiometer 32 to 38. Once 
the potentiometer exceeds the instantaneous integrator 
ramp voltage, IC2B is reset by the comparitor IC3B 
which in e + 8.8 volt pulse 

to the appropriate servo motor of the appropriate 
channel . 

Therefore, it will be seen that a feedback signal which 
is accurately tracking the demand signal will cause AO 
to change to low close to the time when A1 (or QO of 
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IC2A) changes from low. The width of the error pulse Db 
is then small. 

In accordance with the timing diagram shown in Fig. 14, 
IC5 and IC6 address the current channel. In the present 
embodiment, channels 0 and 7 are used to determine the 
energisation voltage levels of the position feedback^ 
P o tent iometers 3 2 ^0^^^ n__q.r d e r_ . t o _c o m pen sate f or th e 
elect r on~i c drift whilst channels 1 to 6 are used to 
control the degrees of movement of the cutter. 

In order to compensat e for drift, the output^ pulses 
from SO and S7 of demultiplexer IC5 contain positive or 
negative "mean values depending upon whether the 
feedback voltages supplied to SO and S7 of multiplexer 
IC6 exceed for fall short of the level determined by 
the data train. This is in turn determined at the 
transmitter using a circuit that mirrors the function 
of the multiplexer and the pulse width generator 
described in relation to Fig. 8. Thus, If there ar e 
departures from the i deal _vpl.tage--lev.e-Ls .,. -the_same 
depart ures appear for" a ll Pgsij:lon_ j^ote^l^ometer ^errp r 
pulses as for the servo drives. The pot entiometer error 
control pulses are c onverted into a near steady volta ge 
that is used to energize t h e p o t e n t i ooj m_sjij^nj e 
integrating c i rculTrfTho wn in Fig. 10. The circuitry 
comprises integrators IC7A and IC7B which integrate the 
error pulses until such times as their output levels 
match those required. Once this is achieved, the error 
pulses diminish. 

There is in principle no obstacle to assigning this 
drift compensation function to any pair of channels, 
but in the present embodiment it is found convenient to 
use channel 0 for the negative reference, and channel 7 
for the positive reference. 
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The demultiplexed error pulses as shown in Fig. 14 sent 
to each servo motor 126 will have a time span between 0 
and approximately 8.5 ms out of a data cycle that lasts 
for 100 ms. Given that a maximum practicable duty cycle 
of approximately 85% of a time frame (corresponding to 
a worst case error), each time frame occupies only 10$ 
of the data cycle yielding a maximum overall duty cycle 
of only 8.5%. 

To have reasonable effect driving a switching control 
amplifier, this low duty cycle must be extended by 
multiplication and in the present invention a circuit 
as shown in Fig. 10 is utilized to provide pulse width 
m ultiplicat ion. The multiplied pulse can be applied to 
the appropriate servo motor whilst other multiplied 
pulses are being applied to other servo motors of the 
system, as long as any one multiplied pulse does not 
last for longer than a full data cycle. 

The error pulses appear on the channels S1 to S6 of the 
demultiplexer IC5, and although only one output servo 
motor 126 is shown in Fig. 10, it will be appreciated 
that there is such a servo motor for each of the 
channels. An error pulse appearing for example on line 
164 at output S1 of demultiplexer IC5 introduces a 
change in magnitude proportional to its time integral 
on 1C1 which, because of the high gain of amplifier 
1IC1 drives it into saturation. The input impedance IR1 
determines the duration of the charge -level in IC1 that 
is sufficient to saturate 1IC1. A stretched and 
inverted error pulse is then used to drive the servo 
motor 126 by applying the stretched pulse to an emitter 
follower transistor pair IQ1 and IQ2 of which the bases 
are driven by the multiplied error pulses. The emitter 
followers of the transistor pair each drive load 
resistors IR4 and IR5 connected to the main power 
supply lines. The voltage drop across the load 
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resistors appears across the gate and source of 
complementary power MOSFETs which connect through the 
servo motor 126. 

In the arrangement described, the motor inductance is 
sufficient to avoid large ripple currents without the 
need for a separate choke and the power MOSFETs have 
the advantage of requiring no free wheeling diodes in 
contrast to bipolar devices. A novel feature of the 
circuit is the use of the resistor IR3 to restrict the 
base emitter current in the emitter follower pair. 

It can be, seen therefore that a control circuit is 
provided for the c o n t r o 1_ o f u mj) e t^of^h a.njj sis-i.n ju- 
servo system a_nd in which a train of PWM signals are 
converted into glitch signals for transmission over 
substantial distances between the transmitter and 
receiver, the glitch signals being reconverted into PWM 
signals and compared with position feedback PWM signals 
in order to provide error signals for the driving of 
the servo motors. 

Multiplexed data transmission and comparison are used 
and the essential switching function required for this 
is preserved throughout the whole circuit to effect the 
switching for the power servo amplifiers. Although the 
signals are always analogue in the arrangement 
described, they are variously quantified in the voltage 
and time lapse domains and are combined to effect the 
servo error signal in the form of assigned packets of 
virtual energy. Such packets, following both voltage 
and duration amplification, directly drive the servo 
motors . 

The disclosed arrangement has a number of novel and 
individually inventive features including but not 
limited to the following. 
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The signal composition has large magnitude glitches 
timed to correspond to each positive and negative going 
edge of a multiplexed PWM wave form. 

Multiplexed PWM data signals are used in integration 
comparison with multiplex voltage feedback signals in 
order to derive a multiplexed error signal whose pulse 
width is an analogue of the error. 

There is provided a drift compensation principle 
treating the feedback transducer reference voltage 
levels as any other channel in the system. 

A novel error pulse width multiplication circuit is 



A novel configuration of switch mode power amplifier is 
provided . 

The embodiment of one or more of the above features 
within a single or multi -channel servo control system 
i s novel. 

The embodiment described lends itself readily to any 
application involving multi-channel remote servo 
control, and whilst the medium transmitting the control 
signals is presently one of wires 146, 148 and 150, 
that also transmit power to the drives, the data link 
could take various other forms including optical, 
fibre-optical, free air, sonic, ultra-sonic, pressure 
wave, radio, or electric signal wire, by the use of 
only relatively minor interface modifications. 

Compared to other known servo systems, the arrangement 
described as a number of advantages including the 
following: 
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1. Ecomony of data transmission. The data are imposed 
on one of the power supply lines thus eliminating the 
need for separate data carrying wires. 

2. Economy of components. Most of the processing 
circuitry operates on multiplex form of command and 
feedback signals. The hardware specific to each channel 
can be made simple and generally relates to the motor 
power drive stages. 

3. Compensation against drift. The multiplexed 
processing components share in the establishment of 
reference voltages which are used in the form in 
relation of these servo drive signals. A high 
positional accuracy may thus be expected irrespective 
of temperature and ageing effects. 

4. Reliability. The low component count, conservative 
timing sequences and conservative electrical ratings 
employed in the design may be expected to yield a high 
reliability and insensitivity to electrical noise. 
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CLAIMS 

1. A control circuit, for example for a servo system, 
comprising : 

a) input mens providing a plurality of p ulse wid th 
mod ulated (PWM) input s i gnals ; 

b) input conversion means converting the leading 
and trailing edges of the PWM signals into voltage 
glitches; 

c) power supply lines along which the voltage 
gli tches are pa ssed; 

d) output means receiving said glitches; 

e ) output conversion means converti n g said 
glitches into PWM output ji_gnals, which signals~carT be 
used to drive for example respective servo motors of a 
servo system. 

2. A control circuit accordingto Claim 1, wherein the 

supj>ly^li nes comprise thr ee lines carrying a positive 

voltage, zer o v 1 1 a t e and a _n_ega tive v oltage, "said 
glitches being supplied on the positive or negative 
lines and being voltage spikes lowering the positive 
voltage or raising the negative voltage. 

3. A control circuit according to claim 1, wherein the 
input means comprises respective i nput potentiometer s 
provi d ing input a nalogue signals cor res ponding to the 

potentiometer , positions, an input mult iplejcer f or 

providing said input analague signals cyclically at the 
output of said multiplexer, which output is connected 
to said input conversion means. 

U. A control circuit according to claim 1, 2 or 3, 
wherein said output means comprises a demultiplexer 
connected to the output of the output conversion means 
recreating the input PWM signals which may be applied 
for example to servo motors. 
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5. A control circuit according to claim 4, including 
servo motors to be driven by said recreated input 
signals, output or position potentiometers connected to 
said servo motors providing analogue feedback signals, 
and comparitor means comp aring the feedback sign als 
with integrated voltages t o _Pf ° v ^ 1 ..L w „ ^...i e „ e J.. b .. a -. c - k 
signals compared~*wTth the recreated input signals to 
provide Trror~ which are used accurately to position the 
servo motors. 

6. A control circuit according to claim 5, wherein the 
error signals are positive or negative pulses depending 
upon the sign of the error. 

7. A control circuit according to claim 6, including a 
pulse stretching circuit for each servo motor, which 
pulse stretcTfng'Tircuit stretches the error pulses 
which are applied to the serve motors. 

8. A control circuit according to claim 5, 6, or 7, 
including a d rift compensation means for comp ensating 
for drift of^U_a g.e .. r e fe re n c e o f ... s a i d __f e ed b a c k ; 
potenTToVetersTompared to the reference voltages of 
the input potentiometer. 

9. A cutter assembly comprising a master unit 
including a stylus adapted to be moved in a 
predetermined path, means mounting t h e _st ylus _fo r 
movement in _a plurality . of _ degrees of movement, a 
cutter" 'deTice "comprising a cutting head having a 
cutting bit, means mounting the cutting head for 
movement in a plurality of degrees of movement 
corresponding to the plurality of degrees of movement 
of the stylus, whereby the cut ter_b_i t^an_rao_ve^n_ t 
same predet ermined p ath but at a location remote from 
th e^aTTer' unlt, servo motors in said cutter device for 
moving the cutting head respectively in said degrees of 
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movement and a control circuit according to claim 1, 
wherein the input means is conn ected to said master 
un it whe reby the movement of the stylu s produces said 
P WM input s ignal s an d the output means is connected to 
05 the cut ter device and the transmitted signals are used 
to move the cutter bit in the same fashion as the 
stylus is moved. 

10. A control circuit comprising: 

10 a) means creating a plurality of individusal 

analogue signals; 

b) a multiplexer causing said signals to be 
outputted i n a sequential stream and repeatedly; 

c) a pulse width modulated circuit to which the 
15 sequential stream is supplied; 

d) an output from the pulse width modulated 
circuit providing a stream of PWM pulses corresponding 
to said individual signals, the pulse width of each 
pulse being a representation of the value of 

20 corresponding analogue signal, and 

e) a glitch creating circuit connected to the 
output of the PWM circuit and creating output glitches 
corresponding to the leading and trailing edges of said 
PWM pulses. 

25 

11. A control circuit according to claim 10, including: 

f) output lines coupled to the output of said 
glitch creating circuits and along which said glitches 
are supplied along with a power supply; 

30 g) a receiver circuit connected to the output end 

of said output lines, said receiver circuit 
comprising:- 

i) a circuit for recreating the PWM pulses from 
said glitches, 

35 servo devices whose positions respectively are 

to be controlled by said analogue signals, 

iii) means creating a stream of reference PWM 
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pulses corresponding to the Instantaneous positions of 
the servo devides, 

iv) comparitor means for comparing the recreated 
PWM pulses with the reference PWM pulses to produce 
error pulses, and 

v) drive circuit means coupling the error pulses 
to the servo devices for altering the positions of the 
servo devices as determined by the error pulses. 
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